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(54) Titlee TRANSPONDER COMMUNICATION DEVICE

(57) Abstract

In a transponder communication device (1) having selection
means for the successive individual selection of transponders (2) the
selection means (14) include interrogation means (5) for generating
at least one item of interrogation information (AFI) with which the
transponders (2) can be interrogated to transmit answer information
(AWD) in response to the interrogation information (AFI), and
time-window generating means (17) for generating a series of
K successive time windows (ZF) and control means (20) for the
time-window generating means (17), which control means can
activate the time—window generating means (17) so as to generate
the series F of K time windows (ZF) a number of times in
succession, and evaluation means (22) which cooperate with the
time-window generating means (17) and by which, depending on
the occurrence of at least one item of answer information (AWI)
transmitted to the transponder communication device (1) by a
transponder (2) in response to interrogation information (AFI), a
transponder (2) can be selected in at least one time window (ZF) in
each series (F) of the series (F) of K time windows (ZF) generated
a number of times in succession.
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TRANSPONDER COMMUNICATION DEVICE

The invention relates to a transponder communication device adapted to
provide contactless communication with a plurality of individually selectable transponders,
including transponder selection means for the successive individual selection of transponders
present within a receiving range of the transponder communication device and which are
each in an active state and interrogation means, included in the transponder selection means,
for generating at least one item of interrogation information by means of which transponders
present within the receiving range and which are each in their active state can be interrogated
to generate and transmit answer information, and transmission means for transmitting the at
least one item of interrogation information to transponders present within the receiving
range, and receiving means for réceiving answer information generated and transmitted by
transponders present within the receiving range in response to the at least one item of
interrogation information, and deactivation means, included in the transponder selection
means, for generating at least one item of deactivation information by means of which a
transponder present within the receiving range and which is in its active state, upon its
selection, can be set to a state in which the transponder does not generate and transmit
answer information in response to the at least one item of interrogation information.

The invention further relates to a transponder adapted to provide
contactless communication with at least one transponder communication device and adapted
to be selected, when it is in an active state, by a transponder communication device,
including receiving means for receiving at least one item of interrogation information
transmitted by a transponder communication device, and interrogation detection means for
detecting at least one item of received interrogation information, and answer means adapted
to be controlled by the interrogation detection means to generate answer information in
response to received interrogation information detected by the interrogation detection means,
and transmission means for transmitting the answer information generated by the answer
means, and deactivation means by means of which the transponder can be set to a state in
which the transponder does not generate and transmit answer information in response to

interrogation information.
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A transponder communication device of the type defined in the first
paragraph and a transponder of the type defined in the second paragraph are commercially
available and are consequently known. For such a known transponder communication device
as well as for such a known transponder reference can be made, for example, to the
document US 5,345,231 A.

With regard to a known transponder communication device and to a
known transponder the afore-mentioned document US 5,345,231 A expounds that in the case
that a plurality of known transponders are present within the receiving range of a known
transponder communication device the problem of the individual selection of each of the
individual known transponders arises. This individual selection can be effected with the aid
of selection means of a known transponder communication device, which for this purpose
include interrogation means capable of generating and transmitting at least one item of
interrogation information and by means of which each of the transponders present within the
receiving range of a known transponder communication device can be requested successively
to generate and transmit answer information to the known transponder communication
device. In the known transponder communication device the presence of a plurality of
transponders which are each in an active state is detected by means of a presence protocol,
the transponder communication device starting an interrogation, after detection of a plurality
of transponders present within the receiving range of the transponder communication device,
whether one transponder among one half of the total number of transponders is present
within the receiving range of the transponder communication device. This is effected in that
the transponder communication device transmits an interrogation protocol. If one or more
transponders of the interrogated half of the total number of transponders are present within
the receiving range of the transponder communication device, these transponders, which are
each in the active state, respond by transmitting their individual codes and some test bits to
the transponder communication device. Each individual code then forms answer information
which is generated in the relevant transponder and is transmitted by the relevant transponder.
If a transponder responds, the transponder thus has already been selected. However, if
several transponders respond, this will result in a superposition of answer information, which
in conjunction with the test bits is detected in the transponder communication device.
Subsequently, the transponder communication device starts a further interrogation, said half
of the total number of transponders being halved again. This process is repeated until only
one transponder responds. If no transponder responds to an interrogation, the process

proceeds with the division of the complementary transponder group. When a transponder has
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been selected, its re-selection during a subsequent selection process is inhibited in that
deactivation means provided in the transponder communication device generate deactivation
information by means of which, after its selection, a transponder present within the receiving
range can be set from its active state into a state in which it does not generate and transmit
any answer information in response to interrogation information, thus assuring that a
transponder already selected can be re-selected only after all the other transponders present
within the receiving range of the transponder communication device have been selected.

In a known transponder communication device and a known transponder
the problem occurs that in practice the division of the total number of transponders capable
of communicating with the known transponder communication device into groups which are
each time halved requires comparatively much time, because the selection of a transponder
requires up to logX divisions and, consequently, interrogations, X being the total number of
transponders capable of communicating with the transponder communication device rather
than the number of transponders actually present within the receiving range of the
transponder communication device. Therefore, if a comparatively large number of
transponders are at the same time present within the receiving range of the transponder
communication device, the individual selection of all the transponders present within the
receiving range can take a comparatively long period of time, for example when the
transponder communication device and the transponders for the contactless communication
with this device form parts of a road toll system, in which each transponder is on board of a
motor vehicle and the transponder communication device is situated at the location of a

stationary toll station.

It is an object of the invention to improve a transponder communication
device of the type defined in the first paragraph, to improve a transponder of the type -
defined in the second paragraph, and to realize an improved transponder communication
device and an improved transponder, which by simple means and in a simple manner
guarantee an as rapid as possible individual selection of an improved transponder present
within the receiving range of an improved transponder communication device.

According to the invention, in order to achieve this object, a transponder
communication device of the type defined in the first paragraph is characterized in that the
transponder selection means include time-window generating means for generating a series of
K successive time windows and control means for the time-window generating means have

been provided, by which control means the time-window generating means can be controlled
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and activated to generate the series of K time windows a plurality of times in succession, and
the receiving means are adapted to receive at least one item of answer information in at least
one time window during each series of K time windows, and the transponder selection means
include evaluation means which cooperate with the time-window generating means and the
receiving means, by which a transponder can be selected in dependence upon the occurrence
of at least one received item of answer information in at least one time window in each series
of the series of K time windows generated a plurality of times in succession.

With the measures according to the invention it is achieved by simple
means and in a simple manner that the individual selection of a transponder is effected only
on the basis of the transponders which are actually present in the receiving range of the
transponder communication device in accordance with the invention, a very rapid selection
process being achieved by the allocation of these actually present transponders to a plurality
of, namely K, time windows, as a result of which a transponder present within the receiving
range of the transponder communication device in accordance with the invention can be
selected rapidly and reliably.

In a transponder communication device in accordance with the invention
the control means can control and activate the time-window generating means at fixed time
intervals so as to generate a series of K time windows. However, it has proved to be
advantageous if the control means for the time-window generating means include the
interrogation means, and the control means control and activate the time-window generating
means so as to generate a series of K time windows when the interrogation means supply
interrogation information. Such an embodiment has proved to be particularly advantageous in
practical tests, because in this way the successive generation of series of K time windows
depends on the supply of interrogation information by the interrogation means and it is thus
possible to generate the series of K time windows in particularly rapid succession.

In a transponder communication device in accordance with the invention
the evaluation means can directly cause the generation of deactivation information by means
of which a selected transponder can be deactivated upon its selection. However, it has proved
to be advantageous if the evaluation means cooperate with further means adapted to generate
first control information after selection of a transponder, and the deactivation means include
a deactivation stage arranged to receive the first control information can be applied and
adapted to generate deactivation information by means of which a selected transponder, after
its selection, can be set to a passive state. Thus, it is simply achieved that a selected

transponder can be set to a passive state by the further means and that this setting to a
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passive state can simply be adapted to different conditions during a selection process.

After a selected transponder has been set to its passive state the
interrogation of all the further transponders to be selected yet, in order to generate and
transmit answer information, can be effected at a fixed time interval after the transponder
already selected has been set to its passive state. However, it has proved to be advantageous
if the further means are further adapted to generate second control information after selection
of a transponder, and the interrogation means include a series interrogation stage arranged to
receive the second control information and adapted to generate series interrogation
information by means of which - with the exception of the transponders set to their passive
states after their selection - all the further transponders within the receiving range can each
be interrogated to again generate and transmit answer information during a further series of
K time windows. In this way, the interrogation of all the transponders not yet selected, in
order to again generate and transmit answer information, can simply be adapted to different
conditions during a selection process.

The further means can be formed by a separate control device. However,
it has proved to be very advantageous if the further means are constituted by data
communication means adapted to provide data communication with data communication
means of a selected transponder after selection of said transponder and adapted to generate
and supply control information upon termination of such data communication. Thus, the data
communication means, which are available anyhow, are in addition adapted to generate
control information and are, moreover, utilized for controlling the deactivation means.

In all the above variants of a transponder communication device in
accordance with the invention it has proved to be advantageous if the evaluation means
include detection means adapted to generate and to supply one item of time window
information of K possible items of time window information in dependence upon the
occhrrence, in at least one time window of a series of K time windows, of at least one
received item of answer information transmitted by a transponder, by means of which time
window information a given N, time window can be selected and by which the interrogation
means can be controlled and activated, and the interrogation means include a time window
interrogation stage adapted to generate at least one item of time window interrogation
information when the detection means supply time window information, by means of which
time window interrogation information all the transponders which are in their active states
and which have already transmitted answer information in the given Ny, time window -

selected from a series of K time windows with the aid of the time window information - can
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be interrogated to again generate and transmit answer information during a further series of
K time windows, and the evaluation means include logic means adapted to detect, in order to
select a transponder, that answer information has been received in each time only one time
window in M successive series of K time windows of a series of K time windows. Such an
embodiment has proved to be very advantageous during practical tests because such an
embodiment exhibits a particularly high selection accuracy.

In an embodiment of a transponder communication device as defined on
the preceding paragraph it has proved to be very advantageous if time window selection
means are interposed between the detection means and the interrogation means, and the time
window selection means are arranged to receive time window information supplied by the
detection means, and the time window selection means are adapted to select a given N, time
window from the K time windows in conformity with an item of time window information
applied to said time window selection means. In this way, it is achieved that the selection of
a given N-th time window by the time-window selection means can simply be adapted to
different conditions in a selection process.

In an embodiment of a transponder communication device in accordance
with the invention as defined in the preceding paragraph, it has proved to be very
advantageous if the time window selection means are adapted to generate time window
identifications in dependence upon time window information applied to them, which time
window identifications can be applied to a further deactivation stage of the deactivation
means, and the further deactivation stage is adapted to generate further deactivation
information in dependence upon the applied time window identifications, by means of which
further deactivation information all the transponders which have transmitted answer
information during a series of K time windows outside the given N,, time window selected
with the aid of time window information can be set from their active states to a standby state
in which these transponders do not generate and transmit any answer information in response
to the time window interrogation information, and the time window selection means are
further adapted to transfer to interrogation means the time window information applied to
them by the detection means, in order to activate the generation of time window interrogation
information, after all the transponders which can be set to their standby states by means of
the further deactivation information have been set to their standby states. Thus, it is ensured
by simple means that all transponders which are not desired during a subsequently generated
further series of K time windows, i.e. during a subsequent selection step, are set to an

inactive state, i.e. a standby state, in which these transponders cannot generate and transmit
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answer information in response to the time-window interrogation information.

In a transponder communication device in accordance with the invention
as defined in the preceding paragraph it has proved to be advantageous if - with the
exception of the transponders which have been set to their passive states after their selection
- all the further transponders situated within the receiving range and set to their standby
states can be reset to their active states by means of the series interrogation information and
can each be interrogated to again generate and transmit answer information during a further
series of K time windows. In this way, all the transponders which have been set to their
standby states can simply be set to their active states.

In all the embodiments of a transponder communication device in
accordance with the invention it has further proved to be very advantageous if the
interrogation means include an initial interrogation stage adapted to generate initial
interrogation information by means of which all the transponders present within the receiving
range, some of which may have been set to their passive states, can be set to their active
states and which can each be intefrogated to generate and transmit answer information during
a series of K time windows. This has proved to be very advantageous during practical tests
because it is thus ensured that all the transponders present within the receiving range of a
transponder communication device in accordance with the invention are set to their active
states.

In an embodiment of a transponder communication device in accordance
with the invention as defined above, it has further proved to be advantageous if the initial
interrogation stage is adapted to generate initial interrogation information by means of which,
in addition, the number K of time windows in the series of K time windows generated by the
time-window generating means can be defined, and the time-window generating means are
adapted to generate a series of K time windows, K being defined by the initial interrogation
information. Thus, the number K of time windows within the successively generated series of
K time windows can simply be adapted to different conditions by the selection of given initial
interrogation information.

In a transponder communication device in accordance with the invention
including an initial interrogation stage it has proved to be advantageous if the detection
means are adapted to generate and supply further time window information when no answer
information has been received in all the time windows of a series of K time windows, and
the initial interrogation stage can be activated to generate the initial interrogation information

in dependence upon the occurrence of the further time window information. Thus, it is
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simply achieved that automatically a new selection process is started in the case that no
answer information is received, i.e. if all the transponders present within the receiving range
have already been selected or if there are no transponders at all present within the receiving
range of the transponder communication device.

In a transponder communication device in accordance with the invention
as defined in the preceding paragraph it has further proved to be very advantageous if
activation means are interposed between the detection means and the initial interrogation
stage of the interrogation means, énd the further time window information supplied by the
detection means can be applied to the activation means, and the activation means can activate
the initial interrogation stage to generate the initial interrogation information in conformity
with the further time window information applied to said activation means. With the aid of
the activation means the initial interrogation stage can be activated simply in dependence
upon different activation criteria.

According to the invention, in order to achieve the afore-mentioned
object, a transponder of the type defined in the second paragraph is characterized in that the
answer means include time-window generating means for generating a series of K successive
time windows and control means for the time-window generating means have been provided,
by which control means the time-window generating means can be controlled and activated to
generate the series of K time windows a plurality of times in succession, and the answer
means are adapted to generate answer information in a time window of the series of K time
windows.

With the measures according to the invention it is achieved by simple
means and in a simple manner that the individual selection of a transponder in accordance
with the invention by means of a transponder communication device in accordance with the
invention can be effected rapidly and reliably.

In a transponder in accordance with the invention it has proved to be
particularly advantageous if the answer means include a random number generator adapted to
generate a random number within a range from 1 to K, which random number defines a time
window, and the answer means are adapted to generate answer information in the time
window defined by the random number. Thus, it is achieved that a transponder in accordance
with the invention generates and transmits answer information in a time window which is
defined by a random number, which has proved to be very advantageous for an as rapid as

possible selection by means of a transponder communication device in accordance with the

invention.
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In a transponder in accordance with the invention the series of K time
windows can be generated at fixed time intervals after one another. However, it has proved
to be very advantageous if the control means for the time-window generating means include
the interrogation detection means, and when the interrogation detection means receive
interrogation information the control means control and activate the time-window generating
means to generate a series of K time windows. Thus, the time sequence in which the series
of K time windows is generated is determined by the occurrence of interrogation
information, as a result of which the series of K time windows is generated within a
particularly short time span.

In a transponder in accordance with the invention as defined in the
preceding paragraph it has proved to be very advantageous if the interrogation detection
means included in the control means for the time-window generating means include an initial
interrogation detection stage adapted to detect initial interrogation information transmitted by
a transponder communication device to set the transponder from its passive state to its active
state and by means of which stage the transponder can be set to its active state. Thus, a
transponder in accordance with the invention can be set to its active state in a very simple
manner.

In a transponder in accordance with the invention including as defined in
the preceding paragraph it has proved to be advantageous if the initial interrogation detection
stage is adapted to detect initial interrogation information by means of which, in addition, the
number K of time windows in the series of K time windows generated by the time-window
generating means can be defined, and the time-window generating means are adapted to
generate a series of K time windows, where the number K can be defined by the initial
interrogation detection stage in dependence upon the detected initial interrogation
information. Thus, the number K of time windows within the successively generated series of
K time windows can simply be adapted to different conditions.

In a transponder in accordance with the invention, in which the
interrogation detection means have been included in the control means for the time window
generation means, it has proved to be very advantageous if the interrogation detection means
included in the control means for the time-window generating means include a time window
interrogation detection stage adapted to detect time window interrogation information
transmitted by a transponder communication device, by means of which stage the transponder
which is in its active state can be interrogated to again generate and transmit answer

information during a further series of K time windows. Thus, the transponder in its active
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state can be requested in a simple and reliable manner to again generate and transmit answer
information during a further series of K time windows.

In a transponder in accordance with the invention, in which the control

" means for the time window generation means include the interrogation detection means, it

has further proved to be very advantageous if the interrogation detection means included in ’
the control means for the time-window generating means include a series interrogation
detection stage adapted to detect series interrogation information transmitted by a transponder
communication device, by means of which stage the transponder which is in a standby state
can be set from its standby state to its active state. Thus, a transponder in accordance with
the invention can be set very simply and reliably from its standby state to its active state.

In all the afore-mentioned embodiments of a transponder in accordance
with the invention it has proved to be very advantageous if the deactivation detection means
are adapted to detect at least one item of deactivation information transmitted by a
transponder communication device and to generate at least one item of state information, by
means of which information the transponder can be made to leave its active state and the
generation of answer information can be inhibited in a time window of the series of K time
windows generated by the time-window generating means. Thus, inhibiting of the generation
of answer information in a time window of a series of K time windows can be controlled in a
simple and reliable manner.

In a transponder in accordance with the invention as defined in the
preceding paragraph it has proved to be advantageous if the deactivation detection means
include a deactivation detection stage adapted to detect deactivation information transmitted
by a transponder communication device to set the transponder from its active state to a
passive state and to generate passive state information by means of which the transponder can
be set from its active state to its passive state, and there has been provided a passive state
memory in which the passive state information can be stored. Thus, a transponder in
accordance with the invention can be set from its active state to its passive state and can be
held in its passive state in a simple and reliable manner.

In a transponder in accordance with the invention as defined in the
preceding paragraph it has proved to be very advantageous if the passive state memory can
be erased by means of the initial interrogation detection stage after detection of initial
interrogation information. Thus, such a transponder can be set very simply from its passive
state to its active state.

In a transponder in accordance with the invention including deactivation
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detection means it has further proved to be very advantageous if the deactivation detection
means include a further deactivation detection stage which is adapted to detect further
deactivation information transmitted by a transponder communication device to set the
transponder from its active state to its standby state and which cooperate with means for
generating standby state information, which last-mentioned means can be activated by the
further deactivation detection stage and with the aid of which the transponder can be set from
its active state to its standby state, and there has been provided a standby state memory in
which the standby state information can be stored. Thus, a transponder in accordance with
the invention can be set from its active state to its standby state and can be held in its
standby state in a simple and reliable manner.

In a transponder in accordance with the invention including a time
window interrogation detection stage it has further proved to be very advantageous if the
time window interrogation detection stage cooperates with means for generating standby state
information, which means can be activated by the time window interrogation detection stage
and with the aid of which the transponder can be set from its active state to its standby state,
and there has been provided a standby state memory in which the standby state information
can be stored. Thus, it is achieved that the time window interrogation detection stage can be
utilized not only for interrogating a transponder to generate and transmit answer information
but also to set a transponder to its standby state.

In transponders in accordance with the invention as defined in the two
preceding paragraphs it has proved to be very advantageous if the standby state memory can
be erased by means of the initial interrogation detection stage after detection of initial
interrogation information and by means of the series interrogation detection stage after
detection of series interrogation information. Thus, such a transponder can simply be set
from its standby state to its active state.

| The above-mentioned as well as further aspects of the invention will
become apparent from the embodiments described hereinafter by way of examples and will

be elucidated with reference to these embodiments.

The invention will now be described in more detail with reference to some
embodiments which are shown in the drawings but to which the invention is not limited.

Figure 1 diagrammatically shows a transponder communication device in
accordance with a first embodiment of the invention including transponder selectiorn means

for the successive individual selection of transponders, the transponder selection means
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including time window generation means for generating a series of K successive time
windows.

Figure 1 further illustrates how a transponder communication device in
accordance with a second embodiment and a third embodiment of the invention can be
constructed on the basis of the first embodiment of the transponder communication device in
accordance with the invention.

Figure 2 shows a transponder in accordance with a first embodiment of
the invention including answer means for generating answer information, the answer means
including time window generation means for generating a series of K successive time
windows.

Figure 2 further illustrates how a transponder in accordance with a second
embodiment and a third embodiment of the invention can be constructed on the basis of the
first embodiment of the transponder in accordance with the invention.

Figures 3A to 3L diagrammatically show time diagrams of information
and time windows occurring in the transponder communication device shown in Figure 1 and

in the transponder shown in Figure 2.

Figure 1 shows a transponder communication device 1 adapted to provide
contactless communication with at least one transponder 2. In the present case, the
transponder communication device 1 is adapted to provide contactless communication with a
plurality of individually selectable transponders 2, of which a transponder 2 is shown in
Figure 2. First of all, the construction of the transponder communication device 1 as shown
in Figure 1 Wi.ll be described in more detail hereinafter.

The transponder communication device 1 includes a microcomputer 3 by
means of which a plurality of means and functions are implemented, some of them being
described in hereinafter. Hereafter, only those means and functions implemented by means of
the microcomputer 3 which are relevant in the present context will be described in more
detail.

With the aid of the microcomputer 3 transponder selection means 4 are
realized, which selection means serve for the successive individual selection of transponders
2 present within a receiving range of the transponder corrimunication device 1 and which are
each in an active state. The transponder selection means 4 include interrogation means 5
adapted to generate at least one item of interrogation information AFI by means of which

transponders 2 present within a receiving range of the transponder communication device 1
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and which are each in an active state can be requested to generate and transmit answer
information AWI. The at least one type of interrogation information AFI generated by the
interrogation means 5 can be applied to an output 6 of the microcomputer 3.

Interrogation information AFI generated by the interrogation means 5 can
be applied from the output 6 to transmission means 7 provided and adapted to transmit the
interrogation information AFI to transponders 2 present within the receiving range. The
transmission means 7 include a modulator 8 constructed, in known manner, as a pulse-width
modulator. However, the modulator can alternatively be a phase modulator or a frequency
modulator. The modulator 8 is arranged to receive a clock signal TS, for whose generation
the transponder communication device 1 includes a clock signal generator 9. Interrogation
information AFI, which has been modulated by means of the modulator 8, can be applied to
a transmission amplifier 10, which applies the amplified modulated interrogation information
AFI to a coil stage 11, which includes a transmission coil 12, which in known manner
cooperates inductively with a transmission coil in a transponder 2.

The transponde'r communication device 1 further includes receiving means
13 provided and adapted to receive answer information AWI generated and transmitted by
transponders 2 present within the receiving range of the transponder communication device 1
in response to interrogation information AFI previously transmitted by the transponder
communication device 1. The receiving means 13 also include the coil stage 11, which
comprises the transmission coil 12 and by means of which answer information AWI
transmitted by a transmission coil of a transponder 2 can be received in the receiving mode.
Answer information AWI received by the transmission coil 12 can be applied to a receiving
amplifier 14 of the receiving means 13. Modulated answer information amplified by the
receiving amplifier 14 can be applied to a demodulator 15, which is for example a
synchronous demodulator and is capable of demodulating the applied answer information,
which is normally amplitude modulated. Similarly to the modulator 8, the demodulator can
also receive the clock signal TS from the clock signal generator 9. When another
transmission method is used another suitable demodulator may be provided.

The transponder selection means 4 realized by means of the
microcomputer 3 further include deactivation means 16 by means of which a transponder 2
present within the receiving range of the transponder corrimunication device 1 and which is in
its active state can be set from its active state into a passive state after it has been selected, in
which passive state the transponder 2 does not generate and transmit answer infofmation

AWI in response to at least one type of interrogation information AFI.
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In the transponder communication device 1 the transponder selection
means 4 advantageously also include time-window generating means 17 provided and adapted
to generate a series F of K successive time windows ZF. In the present case the time-window
generating means 17 are adapted to generate four time windows ZF 1, ZF 2, ZF 3 and ZF 4
in succession. On their output 18 the time-window generating means 17 produce signals, i.e.
information, defining the four time windows ZF 1, ZF 2, ZF 3 and ZF 4. To generate the
time windows ZF 1, ZF 2, ZF 3 and ZF 4 the clock signal TS from the clock signal
generator 9 can be applied to the fime-window generating means 17 via a first input 19 of the
microcomputer 3. Furthermore, control means 20 for the time-window generating means 17
have been provided in order to control the generation of the time windows ZF 1,ZF 2, ZF 3
and ZF 4. Suitably, the control means 20 include the interrogation means 5 as well as a gate
circuit 21, to which the interrogation information AFI that can be generated by the
interrogation means 5 can be applied and which is adapted to generate and supply
interrogation information AFK. The interrogation identification AFK can be applied to the
time-window generating means 17 in order to control said means. Thus, it is achieved that
when the interrogation means 5 supply interrogation information the control means 20 control
and activate the time-window generating means 17 so as to generate a series of K = 4 time
windows ZF. Moreover, it is thus achieved that by generating interrogation information AFI
a number of times in succession the control means 20 cause the time-window generating
means 17 to be controlled and activated a number of times in succession and consequently
generate the series of K = 4 time windows ZF a number of times in succession.

During each series of K = 4 time windows ZF the receiving means 13 in
the transponder communication device 1 can receive at least one item of answer information
AWI in at least one time window ZF 1, ZF 2, ZF 3 or ZF 4, as will be set forth in more
detail hereinafter.

In the transponder communication device 1 the selections means 4
advantageously also include evaluation means 22 which cooperate with the time-window
generating means 17 and the receiving means 22, by means of which in dependence upon the
occurrence of answer information AWI received from a transponder 2 - and transmitted three
times in succession - a transponder 2 can be selected in at least one time window ZF 1, ZF
2, ZF 3 or ZF 4 in each series F of the series of K = 4 time windows ZF generated a
number of times in succession, which will also be described in more detail hereinafter. The
evaluation means 22 include detection means 23 arranged to receive, on the one hand, the

signals or information defining the time windows ZF 1, ZF 2, ZF 3 and ZF 4 from the
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output 18 of the time-window generating means 17 and, on the other hand, the demodulated
answer information AWI applied from the demodulator 15 of the receiving means 13 to a
second input 24 of the microcomputer 3, which detection means generate one item of
detection information of one of K = 4 possible items of detection information - in
dependence upon the occurrence of at least one type of answer information AWI received
from a transponder in at least one time window ZF 1, ZF 2, ZF 3 or ZF 4 of a series of
K = 4 time windows ZF. In the present case time window information ZFI 1, ZFI 2, ZF1 3
or ZFI 4 of the K = 4 items of time window information ZFI which are possible as
detection information can be generated as detection information and can be supplied to an
output 25 of the detection means 23. By means of each of the K = 4 items of time window
information ZFI 1, ZFI 2, ZFI 3 or ZFI 4 a given N,, time window ZF 1, ZF 2, ZF 3 or
7F 4 can be selected, as will be described in detail hereinafter. The interrogation means 5
can be controlled and activated by the detection means 23, as will also be described in more
detail hereinafter. The evaluation means 22 further comprise logic means 26, to which the
detection means 23 can supply information IAZF about the number of time windows ZF of
each series of K = 4 time windows ZF in which at least one item of answer information
AWI has been received. Upon evaluation of the information IAZF detected by the detection
means 23 in each series F of K = 4 time windows ZF the logic means 26 can detect, for the
selection of a transponder 2, that in M = 3 successive series of K = 4 time windows ZF
answer information AWI has been received in each time only one time window ZF 1, ZF 2,
ZF 3 or ZF 4. When the logic means 26 have detected that in M = 3 successive series of K
= 4 time windows ZF answer information AWI has been received in each time only one
time window ZF 1, ZF 2, ZF 3 or ZF 4, it is highly probable that the answer information
each time received in a single time window ZF - which may each time be another time
window ZF - always originates from the same transponder 2, i.e. that a transponder 2 of a
plurality of transponders 2 has been selected individually. In this case, the logic means 26
generate information ITPS, which indicates that a transponder 2 has been selected. The logic
means 26 supply the information ITPS to an output 27. It is to be noted that another value
can be selected for M. For example, it is also possible that M = 2. However, it is also
possible that M = 4, 5, 6,7, 8, 9 or 10 and even higher. The selection accuracy increases
as the value selected for M is greater.

In the transponder communication device 1 the evaluation means 22
cooperate with further means which, in the present case, are advantageously forméd by data

communication means 28, by means of which data communication with data communication
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means of the selected transponder 2 is possible in dependence upon the occurrence of
received answer information AWI transmitted by only one transponder 2, i.e. after selection

of a transponder 2. To effect such a data communication the data communication means 28

" have an output 29 connected to the output 6 of the microcomputer 3, via which the

information data IDA supplied by the data communication means 28 can be applied to the
transmission means 7 in order to be transmitted. Information data IDA received by a
transponder 2 can be applied from the receiving means 13 to an input 30 of the data
communication means 28 via the second input 24 of the microcomputer 3. The data
communication means 28 cooperate with an information data memory 31, into which
information data IDA can be loaded with the aid of the data communication means 28 and
from which the information data IDA can be read with the aid of the data communication
means 28.

In the present case the data communication means 28 provided as further
means are, in addition, adapted to generate first control information SI 1 in dependence on
the occurrence of received answer information AWI transmitted by only one transponder 2,
i.e. after selection of a transponder 2, which answer information is generated when data
communication with the data communication means 28 has ceased, which information
consequently indicates that data communication has been terminated.

The data communication means 28 provided as further means are further
adapted to generate second control information SI 2 in dependence on the occurrence of
received answer information AWI transmitted by only one transponder 2, i.e. after selection
of a transponder 2, which answer information is generated when a previously selected
transponder 2 has already been set to its passive state.

As regards the deactivation means 16 it is to be noted that the deactivation
means 16 include a deactivation stage 32 to which the first control information SI 1
generated by the data communication means 28 can be applied and by means of which
deactivation information DAI can be generated by means of which a selected transponder 2
present within the receiving range, which in its active state has already transmitted answer
information AWI in response to interrogation information AFI, can be set from its active
state to its passive state after its selection. The deactivation information can be formed by,
for example, the data word "1000". |

The deactivation means 16 further include a further deactivation stage 33
adapted to generate further deactivation information WDAI 1, WDAI 2, WDAI 3 énd WDAI
4, by means of which further deactivation information WDAI 1, WDAI 2, WDAI 3 and
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WDALI 4 all the transponders 2 present within the receiving range, which in their active
states have already transmitted answer information AWI in response to interrogation
information AFI during a series F of K = 4 time windows ZF, except for the given N, time
window selected by means of time window information ZF11, ZF12, ZF1 3 or ZF1 4
generated by the detection means 23, can be set from their active states to a standby state, in
which these transponders 2 do not generate and transmit answer information in response to
time window interrogation information ZFAFI, which time window interrogation information
will be referred to in more detail hereinafter. The further deactivation information WDAI 1,
WDALI 2, WDAI 3 and WDAI 4 can be formed by, for example, the data words "1001",
"1010", "1011"and "1100". |

As regards the interrogation means 5 of the transponder communication
device 1 it is to be noted that the interrogation means 5 include an interrogation stage, which
is referred to hereinafter as initial interrogation stage 34 and which is adapted to generate
interrogation information, which is referred to hereinafter as initial interrogation information
IAFI and with which all the transponders 2 present within the receiving range of the
transponder communication device 1, some of which may have been set already to their
passive states, can be set to their active states and, in addition, can be interrogated to again
generate and transmit answer information AWI, if necessary, during a series F of K time
windows ZF. The initial interrogation information IAFI can be formed, for example, by the
data word "0000" ..
The interrogation means 5 further include a further interrogation stage, which is referred to
hereinafter as series interrogation stage 35, to which second control information SI 2
generated by the data communication means 28 can be applied and which is adapted to
generate further interrogation information, which is yeferred to hereinafter as series
interrogation information FAFI and with which all the transponders 2 present in the receiving
range of the transponder communication device 1 and set to their standby states - except for
the transponders 2 which have been set to their passive states after their selection - can be
reset to their active states and can be interrogated to again generate and transmit answer
information AWI during a further series F of K time windows ZF. The series interrogation
information FAFI can be formed, for example, by the data word "0010".

The interrogation means 5 further include a further interrogation stage,
which is referred to hereinafter as time window interrogation stage 36 and which is adapted
to generate still further interrogation information, i.e. the time window interrogation

information ZFAFI - already briefly referred to hereinbefore, which is generated by the
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detection means 23 when time window information ZFI 1, ZFI 2, ZFI 3 and ZFI 4 is
supplied. By means of the time window interrogation information ZFAFI all the transponders
2 present within the receiving range and being in their active states, which transponders in
their active states in which they have already transmitted answer information AWTI in
response to interrogation information in the given Ny, time window ZF 1, ZF2, ZF 3 or ZF4
- selected by means of time window information ZFI 1, ZFI 2, ZFI 3 or ZFI 4 from a series
F of K time windows ZF -, can each be interrogated without the active state being left to
again generate and transmit answer information AWI during a further series F of K time
windows ZF. The time window interrogation information ZFAFI can be formed, for
example, by the data word "0001".

As regards the transponder selection means 4 of the transponder communication device 1 it 1s
to be noted that in these selection means 4 time window selection means 37 are arranged
between the detection means 23 and the interrogation means 5. Time window information
ZFI 1, ZFI 2, ZFI 3 and ZFI 4 produced on the output 25 of the detection means 23 as
detection information can be applied to the time window selection means 37. In conformity
with the time window information ZFI 1, ZFI 2, ZFI 3 and ZFI 4 applied to the time
window selection means 37 a given N,, time window can be selected from the K time
windows ZF of a series of K time windows ZF. The time window selection means 37 are
adapted to generate time window identifications ZFK 1, ZFK 2, ZFK 3 and ZFK 4 in
dependence on time window information ZFI 1, ZFI 2, ZF1 3 and ZFI 4 applied to them.
The time window selection means 37 are constructed so as to generate the time window
identifications ZFK 2, ZFK 3 and ZFK 4 when time window information ZFI 1 is applied,
the time windbw identifications ZFK 1, ZFK 3 and ZFK 4 when time window information
ZFI 2 is applied, the time window identifications ZFK 1, ZFK 2 and ZFK 4 when time
window information ZFI 3 is applied, and the time window identifications ZFK 1, ZFK 2
and ZFK 3 when time window information ZFI 4 is applied. The generated time window
identifications ZFK 1, ZFK 2, ZFK 3 and ZFK 4 are available on a first output 38 of the
time window selection means 37.

The time window selection means 37 are further adapted to transfer the
time window information ZFI 1, ZFI 2, ZFI 3 and ZFI 4 applied to them by the detection
means 23 to the interrogation means 5, i.e. to the time window interrogation stage 36 of
these means, in order to start the generation of the time window interrogation information
ZFAFI after all the transponders 2 which can be set to their standby states by means of the
further deactivation information WDAI 1, WDAI 2, WDAI 3 and WDAI 4 have been set to
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their active states. The time window information ZFI 1, ZFI 2, ZFI 3 and ZFI 4 is
transferred by the time window selection means 37 via a second output 39 of the time
window selection means 37.

It is to be noted that the transponder selection means 4 include activation
means 40 included between the detection means 23 and the initial interrogation stage 34. The
activation means 40 can activate a selection process in which an individual transponder 2 is
selected from a number of transponders 2 present within the receiving range of the
transponder communication device 1 in each of the successive selection steps of the activated
selection process, the transponder 2 selected after each selection of a transponder being set to
a passive state, when applicable after an identification process and a data exchange by means
of this transponder.

In order to activate such a selection process the activation means 40
include a starting stage 41 by means of which starting information STI can be generated at
given regular and constant time intervals, for example at time intervals in a range between
100 ms and 2 s. In addition, such a starting stage may also be controllable by externally
applied separate control information so as to effect the generation of starting information.
Generated starting information STI can be applied to the initial interrogation stage 34 which,
in response to starting information STI applied to it, generates initial interrogation
information IAFI and supplies this to the transmission means 7 via the output 6. The
activation means 40 further include a further logic stage 42 by means of which further
starting information WSTI can be generated, which can also be applied to the initial
interrogation stage 34 of the interrogation means 5 to initiate the generation of the initial
interrogation information IAFI. The further logic stage 42 of the activation means 40 is
arranged to receive, one the one hand, series interrqgation information FAFI from the series
interrogation stage 36 and, on the other hand, further detection information, i.e. further time
window information WZFI, produced by the detection means 23 on a further output 43 of the
detection means 23. The further time window information WZFI is generated by the
detection means 23 and transferred to the further output 43 when the detection means 23
detect an operational condition in which, after the supply of series interrogation information
FAFI, no answer information AWI has been received in any time window ZF of the series F
of K time windows generated in response to the previously supplied series interrogation
information FAFI, which means that all the transponders 2 have already been selected
individually in a selection process and that the selection process has thus been completed. In

this case the two items of information applied to the further logic stage 42 of the activation
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means 40 - i.e. the series interrogation information FAFI and the further time window
information WZFI - cause the further logic stage 42 to supply the further starting information
WSTI to the initial interrogation stage 34 of the interrogation means 5, as a result of which a
new selection process with the necessary selection steps is started.

Based on the transponder communication device 1 shown in Figure 1, a
variant of such a transponder communication device forming a second embodiment is shown
diagrammatically, in which the initial interrogation stage 34 is adapted to generate initial
interrogation information IAFI byvmeans of which it is also possible to define the number K
of time windows ZFI, ZFI 2, ZFI 3 and ZFI 4 to ZFI K in the series F of K time windows
ZF generated by the time-window generating means 17. As is indicated by means of three
dash-dot lines 44, 45 and 46 in Figure 1 - the initial interrogation stage 34 supplies this
initial interrogation information IAFI, on the one hand, to the transmission means 7 via the
output 6 of the microcomputer 3 and, on the other hand to a control input 47 of the time-
window generating means 17 and to the gate circuit 21. In the present case, the time-window
generating means 17 are adapted to generate a series F of K time windows, the number K
being defined by the initial interrogation information IAFI, which is achieved by applying the
initial interrogation information IAFI to the time-window generating means 17 via the control
input 44.

Figure 2 shows a transponder 2 which is adapted to provide contactless
communication with at least one transponder communication device 1 shown as a variant in
Figure 1 and which can be selected in an active state by means of a transponder
communication device 1.

The transponder 2 comprises receiving means 50 adapted to receive at
least one item of interrogation information AFI which can be generated and transmitted by a
transponder communication device 1. The receiving means 50 include a coil stage 51 having
a transmission coil 52. Interrogation information AFI received by the transmission coil 52
can be applied to a receiving amplifier 53. Information and data amplified by the receiving
amplifier 53 can be applied to energy supply means 54, which derive energy from the
received information or data signals, as a result of which a supply voltage V is produced on
an output 55 of the energy supply means 54, which supply voltage can be used for the power
supply of all the components of the transponder 2 which require a supply voltage. The output
55 of the energy supply means 54 is connected to a reset stage 56, which is capable of
generating reset information RI when the voltage V derived by the energy supply means 54 is

high enough. By means of the reset information RI those components of the transponder 2
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which require this can be set to a well-defined operating condition. This is effected by means
of measures which are known per se, for which reason this is not discussed any further in
the present context.

Interrogation information AFI received by the receiving means 50 and
other received data can be applied to a clock regeneration stage 57 by means of which a
clock signal TS can be regenerated from the received interrogation information AFI or data,
which clock signal can be supplied by the clock regeneration stage 57 and is in synchronism
with the clock signal TS in the transponder communication device 1.

The receiving means 50 include a demodulator 58 formed by a pulse
width demodulator. The demodulator can alternatively be a phase demodulator or a frequency
demodulator. The regenerated clock signal TS can be applied to the demodulator 38.
Interrogation information AFI or other data demodulated by means of the demodulator 58
can be applied to a first input 59 of a microcomputer 60 of the transponder 2. By means of
the microcomputer 60 a multitude of means and functions are realized, only some of them
being described in more detail hereinafter.

The microcomputer 60 forms interrogation detection means 61 of the
transponder 2 for detecting at least one received item of interrogation information AFI. The
microcomputer 60 further forms answer means 62 which are controllable by the interrogation
detection means 61 and which are provided and adapted to generate answer information AWI
in response to received interrogation information AFI detected by the interrogation detection
means 61. Answer information AWI generated by the answer means 62 can be supplied to an
output 63 of the microcomputer 60 and can be supplied from this output 63 to transmission
means 64 of the transponder 2.

The transmission means 64 are provided and adapted to transmit answer
information AWI generated by the answer means 62. The transmission means 64 include a
modulator 65, which is also arranged to receive the regenerated clock signal TS and by
means of which a load modulation of the clock signal TS, applied to the transmission coil 12
of a transponder communication device 1 in unmodulated form, can be effected in
dependence upon answer information AWI and on other data applied to this modulator via
the transmission coil 52 of the transponder 2 and a transmission coil 12 of a transponder
communication device 1, which coils are inductively coupled to one another, so that by
means of this load modulation data is transmitted from the transponder 2 to a transponder
communication device 1. |

In the transponder 2 the answer means 62 now advantageously include
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time-window generating means 66 provided and adapted to generate a series F of K
successive time windows ZF. The regenerated clock signal TS can be applied to the time-

window generating means 66 via a second input 67 of the microcomputer 60. In the present

" case, the time-window generating means 66 are adapted to generate and supply a series F of

K = 4 successive time windows ZF 1, ZF 2, ZF 3 and ZF 4. Each time window ZF is
defined by a given condition or signal waveform. For example, the beginning of a time
window ZF can be defined by a positive edge of a rectangular signal and the end of a time
window ZF by a negative edge of this rectangular signal. It is likewise possible to define the
beginning of a time window ZF by a positive edge of a rectangular signal and the end of this
time window ZF by the beginning of the next time window ZF, i.e. by a subsequent positive
edge of this rectangular signal. It is obvious that this also applies to the time-window
generating means 17 of the transponder communication device 1 as shown in Figure 1.

The answer means 62 further include control means 68 for the time-
window generating means 66. The control means 68 can control and activate the time-
window generating means 66 so as to generate the series F of K time windows ZF a number
of times in succession. The control means 68 for the time-window generating means 66
advantageously include the interrogation detection means 61. Furthermore, the control means
68 are implemented in such a manner that upon reception of interrogation information AFI
by the interrogation detection means 61 the control means 68 control and activate the time-
window generating means 66 so as to generate a series F of K time windows ZF. For this
purpose, the control means 68 include a gate circuit 69 arranged to receive on its three inputs
detection information DI 1, DI 2 and DI 3 generated and supplied by the interrogation
detection means, which gate circuit can generate a detection identification DK upon reception
of this detection information DI 1, DI 2 and DI 3, which detection identification can be
applied to the time-window generating means 66 and causes the time-window generating
means 66 to be activated.

The interrogation detection means 61 included in the control means 68 for
the time-window generating means 66 comprise an interrogation detection stage, hereinafter
referred to as initial interrogation detection stage 70 and adapted to detect initial interrogation
information IAFI transmitted by a transponder communication device 1 in order to set the
transponder 2 to its active state, by means of which detection stage the transponder 2 can be
set from its passive state to its active state and, moreover, can be interrogated to again
generate and transmit answer information AWI, if required, which will be described in more

detail hereinafter. The initial interrogation detection stage 70 is adapted to generate and
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supply the first detection information DI 1.

The interrogation detection means 61 included in the control means 68 for
the time-window generating means 66 further comprise a further interrogation detection
stage, hereinafter referred to as series interrogation detection stage 71 and adapted to detect
series interrogation information FAFI transmitted by a transponder communication device 1,
by means of which detection stage the transponder 2, which is in its standby state, can be set
from its standby state to its active state, which will be described in more detail hereinafter.
The series interrogation detection stage 72 is adapted to generate and supply the third
detection information DI 2.

The interrogation detection means 61 included in the control means 68 for
the time-window generating means 66 further comprise a further interrogation detection
stage, hereinafter referred to as time window interrogation detection stage 72 and adapted to
detect time window interrogation information ZFAFI transmitted by a transponder
communication device 1, by means of which detection stage the transponder 2, which is in
its active state, can be interrogated without the active state being left to generate and transmit
answer information AWI during a series F of K time windows ZF, i.e. also to again generate
and transmit answer information AWI during a further series F of K time windows ZF,
which will be described in more detail hereinafter. The time window interrogation detection
stage 71 is adapted to generate and supply the second detection information DI 2.

The microcomputer 60 of the transponder 2 further forms deactivation
detection means 73 adapted to detect at least one item of detection deactivation information
DAI transmitted by a transponder communication device 1. The deactivation detection means
73 are adapted to generate at least one item of state information by means of which the
transponder 2 can be made to leave its active state and the generation of answer information
AWI by the answer means 62 can be inhibited.

| The deactivation detection means 63 include a deactivation detection stage
74 adapted to detect deactivation information DAI transmitted by a transponder
communication device 1 to set the transponder 2 from its active state to its passive state,
which stage can set the transponder 2 from its active state to its passive state and can
generate passive state information SZI. Alternatively, the passive state information SZI can
be formed directly by the detected deactivation information DAI. The generated passive state
information SZI can be applied to the answer means 62, i.e. to a passive state memory 75 of
the answer means 62, in which memory the passive state information SZI can be stored and

by means of which the transponder 2 can be held in its passive state. The fact that the
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transponder 2 is in its passive state is stored in the transponder 2 for as long as the passive
state memory 75 stores the passive state information SZI. The passive state memory 75 can
be erased by the interrogation detection means 61 upon detection of given interrogation
information, i.e. the passive state memory 75 can be erased by means of the initial
interrogation detection stage 70 of the interrogation detection means 61 after detection of
initial interrogation information IAFI. For this purpose, the first detection information DI 1
generated and supplied by the initial interrogation detection stage 70 is applied to an erase
input 76 of the passive state memory 75 and, when it appears on the erase input 76 of the
passive state memory 75, it causes the content of the passive state memory 75 to be erased.

The deactivation detection means 73 further include a further deactivation
detection stage 77 adapted to detect further deactivation information WDAI 1, WDAI 2,
WDAI 3 and WDAI 4 transmitted by a transponder communication device 1 to set the
transponder from its active state to its standby state, which stage enables the transponder 2 to
be set from its active state to its standby state and the generation of standby state information
WZI to be started. The generation of the standby state information WZI will be described in
more detail hereinafter. The generated standby state information WZI can be applied to a
standby state memory 78, in which the standby state information WZI can be stored and by
means of which the transponder can be held in its standby state. The standby state memory
78 can be erased by the interrogation detection means 61 upon detection of given
interrogation information. In the present case the standby state memory 78 can be erased
both by means of the initial interrogation detection stage 70 of the interrogation detection
means 61 and by means of the series interrogation detection stage 71 of the interrogation
detection means 61. For this purpose, the first detection information DI 1, which can be
generated and supplied by the initial interrogation detection stage 70, and the third detection
information DI 3, which can be generated and supplied by the series interrogation detection
stage 71, can be applied to an erase input 79 of the standby state memory 78. When they
appear on the erase input 79 of the standby state memory 78 the detection information DI 1
as well as the detection information DI 3 cause the content of the standby state memory 78 to
be erased.

In the transponder 2 the answer means 62 realized by means of the
microcomputer 60 advantageously include a random number generator 80. Similarly to the
time-window generating means 66, the random number generator 80 can be activated by the
control means 68 in that the detection identification DK generated by the gate circuit 69 is

also applied to the random number generator 80. The random number generator 80 enables a
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random number Z ranging from 1 to K to be generated and to be supplied to an output 81 of
the random number generator 80. By means of each random number, generated at random by
the random number generator 80, it is possible to select and define a time window ZF of a
series F of K time windows ZF. The random number Z stored each time in the random
number memory 82 can be applied to two detectors 83 and 84. The first detector 83 1s
constructed in such a manner that it can detect that the window number N of a time window
ZF of a series F of K time windows ZF corresponds to the random number Z. In the case
that the window number N of a time window ZF corresponds to the random number Z the
first detector 83 generates activation information KTI, which can be applied to an activation
input 86 of an answer stage 835.

The answer stage 85 can generate answer information AWI, for example,
formed by the data word "1111". Answer information AWI generated by means of the
answer stage 85 can be applied to the output 63 of the microcomputer 60 and from this
output to the transmission means 64 of the transponder 2, so that the answer information
AWI can be transmitted or sent to a transponder communication device 1 by the afore-
mentioned load modulation by the modulator 65. The answer stage 85 includes an inhibit
input 87, to which the passive state information SZI stored in the passive state memory 75
and the standby state information WZI stored in the standby state memory 78, or control
information derived from the information SZI and WZI, can be applied to block the answer
stage 85 when the transponder 2 is in the passive state or in the standby state and thus inhibit
the generation of answer information AWI.

As already stated hereinbefore, the first detector 83 compares the time
window number N with the instantaneous random number Z and, in the case of equality,
supplies the activation information AKTI in order to activate the answer stage 85. This
means that the answer stage 85 is only active during a time window ZF defined by the
random number Z. Thus, the answer means 62 are adapted to generate answer information
AWI in a time window ZF 1, ZF 2, ZF 3 or ZF 4, i.e. in a time window F of a series F of
K time windows ZF defined by the random number Z.

As stated, the random number Z stored in the random number memory 82
can also be applied to the second detector 84. The second detector 84 is further arranged to
receive the further deactivation information WDAI 1, WDAI 2, WDAI 3 and WDAI 4
detected by means of the further deactivation detection stage 77. The second detector 84 is
adapted to detect that the number N of the further deactivation information WDAI 1, WDAI

2, WDAI 3 or WDAI 4 corresponds to the random number Z read from the random number
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memory 82. When the number N of the further deactivation information WDAI 1, WDAI 2,
WDAI 3 or WDAI 4 corresponds to the random number Z the second detector 84 generates
the afore-mentioned standby state information WZI and supplies the standby state information
WZI to the standby state memory 78, which then stores the standby state information WZI.
The fact that the transponder 2 is in its standby state is stored in the transponder 2 for as
long as the standby state memory 78 stores the standby state information WZI.

With regard to the transponder 2 it is to be noted that the transponder 2 .
includes data communication meahs 88 realized by means of the microcomputer 60, which
means have their input 89 connected to the first input 59 of the microcomputer 60 and, via
this first input 59, to the receiving means 50 and have their output 90 connected to the output
63 of the microcomputer 60 and, via this output 63, to the transmission means 64. The data
communication means 88 of the transponder 2 cooperate with an information data memory
91, into which information data IDA can be written with the aid of the data communication
means 88 and from which information data IDA can be read with the aid of the data
communication means 88.

Based on the transponder 2 shown in Figure 2, a variant of such a
transponder forming a second embodiment is shown diagrammatically, in which the initial
interrogation detection stage 70 is adapted to detect initial interrogation information IAFI by
means of which it is also possible to define the number K of time windows ZF in the series
F of K time windows ZF generated by the time-window generating means 66 and in which
the time-window generating means 66 are adapted to generate a series F of K time windows
ZF, in which the number K can be defined by the initial information detection stage 70 in
dependence upon the detected initial interrogation information IAFI. In such a transponder 2
- as is indicated diagrammatically by means of a dash-dot line 92 in Figure 2 - the initial
interrogation information IAFI, which is detected by the initial interrogation detection stage
70 and which has been transmitted by a corresponding transponder communication device 1,
is applied to a control input 69 of the time-window generating means 66 and in this way the
number K of time windows ZF for each generated series F of K time windows ZF is
defined.

Hereinafter, a selection process is described which involves a transponder
communication device 1 as shown in Figure 1 and, by way of assumption, five transponders
2 as shown in Figure 2, which transponders 2 are identified hereinafter as TP 1, TP 2, TP 3,
TP 4 and TP 5. The selection process is described with reference not only to Figures and 2

but also to Figures 3A to 3L.
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The selection process is started, for example, automatically in that the
starting stage 41 of the activation means 40 of the transponder communication device 1,
which starting stage 41 supplies starting information STI at given regular time intervals,
supplies starting information STI to the initial interrogation stage 34. The initial interrogation
stage 34 subsequently generates the initial interrogation information IAFI and supplies this to
its output, as is shown diagrammatically in Figure 3A. The initial interrogation information
IAFI, which is supplied by the initial interrogation stage 34 and which initiates a first
selection step of the activated selection process, is applied to the gate circuit 21 of the
control means 20 for the time-window generating means 17. In response to this, the gate
circuit 21 supplies the interrogation identification AFK to the time-window generating means
17. Furthermore, the generated initial interrogation information IAFI is applied to the
transmission means 7, which transmit it to all five transponders TP 1 to TP 5 present within
the receiving range of the transponder communication device 1. The initial interrogation
information IAFI applied to all five transponders TP 1 to TP 5 by the transmission means 7
is received by the receiving means 50 in all five transponders TP 1 to TP 5 and is each time
applied to the first input 59 of the microcomputer 60 and from this input each time to the
initial interrogation detection stage 70. Each initial interrogation detection stage 70
subsequently detects the initial interrogation information IAFI applied to it and supplies the
first detection information DI 1. The first detection information DI 1 is applied both to the
erase input 76 of the passive state memory 75 and to the erase input 79 of the standby state
memory 78, so that both any passive state information SZI stored in the passive state
memory 75 and any standby state information WZI stored in the standby state memory 78
are erased. This means that both a possibly stored passive state and a possibly stored standby
state of a transponder are erased and, consequently,.all five transponders TP 1 to TP 5 are
set to their active states. The first detection information DI 1 is further applied to the gate
circuit 69 of the control means 68, which subsequently supplies the detection identification
DK, which is applied to the time-window generating means 66 and the random number
generator 80.

The construction of the gate circuit 21 of the transponder communication
device 1 and the construction of the gate circuits 69 of all the transponders TP 1 to TP 5 are
adapted to one another in such a manner that the interrogation identification AFK generated
by the gate circuit 21 and the detection identification DK generated by the gate circuit 69
ensure a synchronous starting of the time-window generating means 17 of the transponder

communication device 1 and of the time-window generating means 66 of all the transponders
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TP 1 to TP 5. The synchronous starting of the time-window generating means 17 in the
transponder communication device 1 and of the time-window generating means 66 1n all the

transponders TP 1 to TP 5 can, for example, be effected at an instant T 2 in Figure 3B after

" a given number of pulses of the clock signal TS after the termination of the generation of the

initial interrogation information IAFI at an instant T 1 in Figure 3A. After the synchronous
starting of the time-window generating means 17 and 66 at the instant T 2 the synchronously
started time-window generating means 17 and 66 each generate a first series F of K = 4
time windows ZF 1, ZF 2, ZF 3 and ZF 4, as is shown diagrammatically in Figure 3B.

As already stated, the gate circuit 69 in each of the transponders TP 1 to
TP 5 situated within the receiving range of the transponder communication device 1
generates the detection identification DK and supplies it to the relevant random number
generator 80. Subsequently, each random number generator 80 of the transponders TP 1 to
TP 5 situated within the receiving range of the transponder communication device 1
generates a random number Z which ranges between 1 and 4 in conformity with the number
K of time windows ZF. It is now assumed that the two random number generators 80 of the
two transponders TP 1 and TP 5 each happen to generate the number Z = 1. It is also
assumed that the random number generator 80 of the transponder TP 3 generates the random
number Z = 2. Moreover, it is assumed that the two random number generators 80 of the
two transponders TP 2 and TP 4 each generate the random number Z =4

In each of the five transponders TP 1 to TP 5 situated within the receiving
range of the transponder communication device 1 the generated random number Z is stored
in the random number memory 82. Furthermore, the stored random number Z in each of the
five transponders TP 1 to TP 5 is applied to the first detector 83, which compares the
applied random number Z with the numbers N ("1", "2", "3", "4") of the successively
generated time windows ZF 1, ZF 2, ZF 3 and ZF 4 of the first series F 1 of K = 4 time
windows ZF. In the case of equality of a time window number N and the random number Z
each of the first detectors 83 of the five transponders TP 1, TP 2, TP 3, TP 4 and TP 5
supplies activation information AKTI to the activation input 86 of the answer stage 85 of the
respective transponder 2. Since both the passive state memory 75 and the standby state
memory 78 - as explained hereinbefore - have been erased, the answer stage 85 will receive
neither the passive state information SZI nor the standby state information WZI at its inhibit
input 87, as a result of which the answer stage 85 is enabled to generate answer information
AWI. As soon as the number N of a time window ZF corresponds to the random number Z,

the answer stage 85 supplies answer information AWI.
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In accordance with the above example that the two transponders TP 1 and
TP 5 each generate the random number Z = 1, the transponder TP 3 generates the random
number Z = 2, and the two transponders TP 2 and TP 4 each generate the random number
7 = 4, this results in answer information AWI being generated in each of the answer stages
85 of the two transponders TP 1 and TP 5 during the first time window ZF 1 of the first
series F 1, as is shown diagrammatically in Figure 3C, in answer information AWI being
generated in the answer stage 85 of the transponders TP 3 during the second time window
7ZF 2 of the first series F 1, as is shown diagrammatically in Figure 3D, and in answer
information AWI being generated in each of the answer stages 85 of the two transponders TP
2 and TP 4 during the fourth time window ZF 4 of the series F 1, as is shown
diagrammatically in Figure 3E.

The answer information AWI generated in a transponder TP is transmitted
to the receiving means 13 of the transponder communication device 1 by the transmission
means 64 of each transponder TP. Since random number Z generated in each case is stored
in each random number memory 82 of the five transponders TP 1 to TP 5, information
which indicates in which time window ZF of the first series F 1 the relevant transponder TP
has generated answer information AWI and transmitted this information to the transponder
communication device 1 is available in each of these five transponders TP 1 to TP 5.

After it has been received by the receiving means 13 and has then been
demodulated by the demodulator 15 the answer information AWI in accordance with Figures
3C, 3D and 3E, transmitted to the transponder communication device 1 by the five
transponders TP 1 to TP 5, is applied to the second input 24 of the microcomputer 3 and
then to the detection means 23 of the evaluation means 22. Furthermore, the time windows
ZF 1, ZF 2, ZF 3 and ZF 4 of the first series F 1 of K = 4 time windows ZF generated by
the time-window generating means 17 and available on the output 18 of the time-window
generating means 17 are applied to the detection means 23.

The detection means 23 now detect in which of the four time windows
ZF 1, ZF 2, ZF 3 and ZF 4 of the first series F 1 answer information AWI has been
received. In the present example the detection means 23 detect that answer information AWI
has been received in the first time window ZF 1 and the second time window ZF 2 as well
as in the fourth time window ZF 4 of the first series F 1. In conformity with this detection
result the detection means 23 produce detection information in the form of time window
information on their output 25, i.e. first time window information ZFI 1, second time

window information ZFI 2 and fourth time window information ZFI 4, as is shown
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diagrammatically in Figure 3F. These three items of time window information ZFI 1, ZF12
and ZFI 4 are applied to the time window selection means 37.

The time window selection means 37 now select a given N, time window
7F of the first series F 1 in accordance with the applied time window information ZFI 1,
7ZFI 2 and ZFI 4. It is assumed that time window selection means 37 select the first time
window ZF 1 of the first series F 1 as the given N, time window ZF. In conformity with
this choice by the time window selection means 37 the selection means 37 generate three
time window identifications, whose numbers differ from the number N = 1 of the selected
first time window ZF 1. This means that in the present case, in which the time window
selection means 37 have selected the first time window ZF 1 of the first series F 1, the time
window selection means 37 generate a second time window identification ZFK 2, a third
time window identification ZFK 3 and a fourth time window identification ZFK 4 and supply
this to their first output 38, as is shown diagrammatically in Figure 3G. The three time
window identifications ZFK 2, ZFK 3 and ZFK 4 are applied to the further deactivation
stage 33, which in response to this generates second further deactivation information
WDAI 2, third further deactivation information WDAI 3 and fourth further deactivation
information WDAI 4, as is shown diagrammatically in Figure 3H. The further deactivation
information WDAI 2, WDAI 3 and WDALI 4 is transferred to the output 6 of the
microcomputer 3 and is applied to the transmission means 7 via this output 6. As a result of
this, the further deactivation information WDAI 2, WDAI 3 and WDAI 4 is transmitted to
the five transponders TP 1, TP 2, TP 3, TP 4 and TP 5 situated within the receiving range
of the transponder communication device 1.

In the five transponders TP 1 to TP 5 the further deactivation information
WDAI 2, WDAI 3 and WDAI 4 is applied to the further deactivation detection stage 77.
Each further deactivation detection stage 77 of the five transponders TP 1 to TP 5 detects the
applied further deactivation information WDAI 2, WDAI 3 and WDALI 4 as shown in Figure
3H and supplies the further deactivation information WDAI 2, WDAI 3 and WDAI 4 to the
second detector 84. In the second detectors 84 of the five transponders TP 1 to TP 5 the
three numbers N of the further deactivation information WDAI 2, WDAI 3 and WDAI 4 are
compared with the random number Z stored in each random number memory 82. When a
number of the further deactivation information WDAI corresponds to the stored random
number Z, this results in the standby state information WZI being supplied.

In the present case, in which it has been assumed that the random number

Z = 1 has been stored in the random number memories 82 of the two transponders TP 1 and
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TP 5 and the second, the third and the fourth further deactivation informaﬁon WDAI 2,
WDAI 3 and WDAI 4, i.e. the further deactivation information WDAI bearing the numbers
N = 2, 3, 4, are applied to the second detectors 84 of these two transponders TP 1 and

TP 5, these two detectors 84 do not detect correspondence of any one of the three numbers
N of the further deactivation information WDAI with the stored random number Z, as a
result of which these two detectors 84 do not supply standby state information WZI and,
consequently, no standby state information WZI is stored in the standby state memory 78 of
the two transponders TP 1 and TP 5, which means that the two transponders TP 1 and TP 5
are in their active states. Conversely, in the transponder TP 3 the comparison of the random
number Z = 2 stored in its random number memory 82 with the numbers N = 2, 3, 4 of the
second, the third and the fourth further deactivation information WDAI 2, WDAI 3 and
WDAI 4 applied to the second detector 84 reveals that the random number Z = 2
corresponds to the number N = 2 of the second further deactivation information WDAI 2, as
a result of which the second detector 84 of the transponder TP 3 supplies standby state
information WZI to the standby state memory 78 and the transponder TP 3 is consequently
set to its standby state in which its answer stage 85 is blocked via the inhibit input 87.
Likewise, the second detector 84 in each of the two transponders TP 2 and TP 4 detects that
the random number Z = 4 stored in the random number memory 82 of each of the two
transponders TP 2 and TP 4 corresponds to the number N = 4 of the fourth further
deactivation information WDAI 4 applied to each second detector 84, so that these two
transponders TP 2 and TP 4 are set to their standby states too.

It is to be noted that owing to the fact that the detection means 23 have
detected that no answer information AWI has been received in the third time window ZF 3
of the first series F 1, the transfer of the third time window information ZFI 3 to the output
24 of the detection means 23 can also be inhibited, as a result of which it is possible that the
time window selection means 37 do not generate the third time window identification ZFK 3
and, consequently, the generation of the third further deactivation information WDAI 3 by
the further deactivation stage 33 does not take place.

Afier the transponders TP 2, TP 3 and TP 4 have thus been set to their
standby states, the time window selection means 37 supply the first time window information
ZFI 1 selected by them from their second output 39 to th‘e first time window interrogation
stage 36, as a result of which the time window interrogation stage 36 generates and supplies
the time window interrogation information ZFAFI, as is shown diagrammatically in Figure

31. The time window inferrogation information ZFAFI is applied to the gate circuit 21 and,
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after it has been transmitted by means of the transponder communication device 1 and after it
has been received by the two transponders TP 1 and TP 5, which have been left in their
active states, it is applied to the gate circuits 69 of these two transponders TP 1 and TP 5, as
a result of which, in the same way as explained hereinbefore, the time-window generating
means 17 of the transponder communication device 1 are activated and the time-window
generating means 66 of the two transponders TP 1 and TP 5, which have been left in their
active states, are activated. When it is assumed that the time window interrogation
information ZFAFI as shown in Figure 31 is terminated at an instant T 3, this again results in
the synchronous activation of the time-window generating means 17 and 66 and,
consequently, the generation of a second series F 2 of K = 4 time windows ZF 1,ZF 2, ZF
3 and ZF 4, the second series F 2 starting at an instant T 4, as is shown diagrammatically in
Figure 3J.

The gate circuits 69 of the two transponders TP 1 and TP 5 further re-
activate the random number generator 80, as a result of which the two random number
generators 80 each again generate a random number Z. It is assumed that the random number
generator 80 of the transponder TP 1 generates the random number Z = 2 and the random
number generator 80 of the transponder TP 5 generates the random number Z = 4.
Consequently, in a manner similar to that described hereinbefore, the answer stage 85 of the
transponder TP 1 generates answer information AWT during the second time window ZF 2 of
the second series F 2 and the answer stage 85 of the transponder TP 5 generates answer
information AWI during the fourth time window ZF 4 of the second series F 2, as is shown
diagrammatically in Figure 3K. The respective answer information AWT is transmitted to the
transponder communication device 1.

Subsequently, the detection means 23 in the transponder communication
device 1 detect, in a manner similar to that already described hereinbefore, that answer -
information AWI has been received in the second time window ZF 2 and in the fourth time
window ZF 4 of the second series F of K = 4 time windows. After this, the detection means
23 supply the second and the fourth time window information ZFI 2 and ZFI 4 to the time
window selection means 37 in conformity with the detection result. The time window
selection means 37 now again select a time window ZF. It is assumed that the time window
selection means 37 select the second time window ZF 2 of the second series F 2. As a result
of this, the time window selection means 37 first of all produce the first, the third and the
fourth time window identification ZFK 1, ZFK 3 and ZFK 4 on their first output 38, so that
the further deactivation stage 33 generates the first, the third and the fourth further
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deactivation information WDAI 1, WDAI 3 and WDAI 4, which causes the transponder

TP 5, which has supplied answer information AWI in the fourth time window ZF 3 of the
second series F 2, to be set to its standby state, after which the time window selection means
37 transfer the second time window ZFI 2 to their second output 39, which leads to a re-
activation of the time window interrogation stage 36, causing it to supply the time window
interrogation information ZFAFI, as a result of which a new series of K time windows, i.e. a
third series F 3 of K time windows, is generated.

After the generation of the third series F 3 of K time windows the
transponder TP 1 answer information AWI is received only from the transponder TP 1 in a
single time window ZF of the third series F 3 because now only the transponder TP 1 is in
its active state. It is assumed that the random number generator 80 of the transponder TP 1
has generated the random number Z = 3, as a result of which answer information AWI is
transmitted and received in the third time window ZF 3 of the third series F 3, as is shown
diagrammatically in Figure 3L. This is detected by the detection means 23, upon which the
detection means 23 now generate the third time window information ZFI 3 corresponding to
the third time window ZF 3, in which answer information AWT has been received from the
transponder TP 1, and supply it to the time window selection means 37. Subsequently, the
time window selection means 37 generate the first, the second, and the fourth time window
identification ZFK 1, ZFK 2 and ZFK 4, so that accordingly the first, the second and the
fourth further deactivation information WDAI 1, WDAI 2 and WDAI 4 are generated and,
consequently, the transponder TP 1 is not set to its standby state because it has previously
transmitted answer information AWI in the third time window ZF 3.

Subsequently, the time window selection means 37 transfer the third time
window information ZFI 3, which is the only time Window information ZFI now, to the time
window interrogation stage 36 via its second output 39, as a result of which a new series F,
i.e. a fourth series F 4 of K = 4 time windows ZF, is generated. After this, the transponder
TP 1, which is still in its active state, again derives answer information AWI, so that the
detection means 23 again detect that now answer information has been received in only one
time window, i.e. in the present example the second time window ZF 2 of the fourth series
F 4.

After this, as already explained, a further series F, i.e. a fifth series F 5
of K = 4 time windows ZF is generated. In principle, this generation of further series F 6,
F 7, F 8 etc. of K time windows ZF may be continued but it is more appropriate fo interrupt

this in due time, as will be explained hereinafter.
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When the detection means 23 have detected a number of times that answer
information Al has been received in only one time window ZF, this is a reliable indication
that now only a single transponder TP in an active state is present within the receiving range
of the transponder communication device 1, that a transponder TP has been selected.

As explained hereinbefore, the detection means 23 detect for each series
F 1, F2, F3, F4etc. of K time windows ZF in which time windows ZF at least one item
of answer information AWI has been received. Thus, there is always information IAZF
available in the detection means 23, which indicates in how many time windows ZF a series
F of K time windows with at least one item of answer information AW has been received.
This information IAZF about the number of time windows ZF in which answer information
AWI has been received, is each time applied to the logic means 25. As soon as the logic
means 25 detect that answer information AWI has been received in each time only one time
window ZF in M = 3 successive series F of K time windows ZF, the logic means 25
produce information ITPS on their output 26 to indicate that a transponder TP has been
selected. In the present case, it indicates that the transponder TP 1 has been selected. |

After selection of the transponder TP 1 the data communication means 28
are activated with the aid of the information ITPS to enable a data communication with the
data communication means 88 of the transponder TP 1. During this data communication it is
possible, for example, first of all to check an identity code of the transponder TP 1 and,
subsequently, to proceed with data communication for the purpose of exchanging or
transmitting information data IDA.

After completion of this data communication the data communication
means 28 first of all supply the first control information SI 1, which is applied to the
deactivation stage 32. Subsequently, the deactivation stage 32 generates the deactivation
information DAI, which is transmitted to the transponder TP 1 and is detected by means of
the deactivation detection stage 74 in the transponder TP 1. As a result of this, the
deactivation detection stage 74 generates the passive state information SZI and supplies it to
the passive state memory 75, causing to the transponder TP 1 to be set to its passive state
and held in this state by means of the passive state memory 75. This completes the first
selection step of the activated selection process.

Subsequently, the data communication means 28 supply the second control
information SI 2, which is applied to the series interrogation stage 36. After this, the series
interrogation stage 36 generates the series interrogation information FAFI, by means of

which a second selection step of the activated selection process is initiated. The series
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interrogation information FAFI is applied to the gate circuit 21 of the transponder
communication device 1 and to the transmission means 7 of the transponder communication
device 1. The transmission means 7 transmit the series interrogation information FAFI to all
the transponders 2 present within the receiving range of the transponder communication
device 1. However, since the transponder TP 1 is in its passive state as a result of the
deactivation effected in the first selection step, the transponder TP 1 cannot respond to the
series interrogation information FAFI and consequently remains in its passive state.
Conversely, the other transponders TP 2, TP 3, TP 4 and TP 5, which are situated within
the receiving range of the transponder communication device 1 in the present example and
which have been set to their standby states in the preceding first selection step of the
activated selection process, can be set from their standby states to their active states by
means of the series interrogation information FAFI transmitted by the transponder
communication device 1. This is possible in that the transmitted series interrogation
information FAFI is detected by the series interrogation detection stage 71 of each of the
four transponders TP 2 to TP 5, as a result of which the series interrogation detection stage
71 supplies the third detection information DI 3 to the erase input 79 of the standby state
memory 78, which causes the standby state memory 78 to be erased and, consequently, each
of the four transponders TP 2 to TP 5 to be set from their standby states to their active
states. Furthermore, the third detection information DI 3 is applied to the gate circuit 69 of
each of the four transponders TP 2 to TP 5.

Depending on the series interrogation information FAFI which is applied
to the gate circuit 21 of the transponder communication device 1 and which initiates the
second selection step and depending on the third detection information DI 3 applied to the
gate circuit 69 of each of the four transponders TP 2 to TP 5, the time-window generating
means 17 and the time-window generating means 66 are subsequently started in synchronism
with one another in a manner similar to that already described hereinbefore, so that again a
first series F 1 of K = 4 time windows ZF is generated at the beginning of the second
selection step of the activated selection process. Now a further transponder TP is selected
individually with the aid of the transponders TP 2, TP 3, TP 4 and TP 5. After data
communication between the transponder selected in the second selection step and the
transponder communication device 1 has been completed this transponder is also set to its
passive state. It is now assumed that this is the transponder TP 5 selected in the second
selection step.

Subsequently, a third selection step is activated by means of the newly
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generated series interrogation information FAFI, in which step a following transponder 18
selected and then set to its passive state with the aid of the three remaining transponders
TP 2, TP 3 and TP 4. It is now assumed that this is the transponder TP 3 selected in the
third selection step.

In a subsequent fourth selection step one of the two remaining
transponders TP 2 and TP 4 to be selected is selected and then set to its passive state. It is
now assumed that this is the transponder TP 4 selected in the fourth selection step.

Finally, in a subsequently activated fifth selection step the remaining
transponder TP 2 to be selected yet is selected and finally set to its passive state.

After the five selection steps described above have been carried out all
five transponders TP 1, TP 2, TP 3, TP 4 and TP 5 have been set to their passive states, as
a result of which in a subsequent sixth selection step activated by means of the series
interrogation information FAFI none of the five transponders TP 1 to TP 5 transmits answer
information to the transponder communication device 1. This is detected by the detection
means 23, after which the detection means 23 produce the further time window information
WZSFI on its output 43, which information indicates that no answer information has been
received and is applied to the further logic stage 42 of the activation means 40. As already
stated hereinbefore, the series interrogation information FAFI, by means of which the sixth
selection step has been initiated and which has been generated by the series interrogation
stage 35, is also applied to the further logic stage 42. Upon reception of said information
WZFI and FAFI the further logic stage 42 generates the further starting information WSTI,
as a result of which the initial interrogation stage 34 is re-activated, which causes a new
selection process to be activated.

As is apparent from the preceding description, a transponder
communication device 1 in accordance with the invention and transponders 2 in accordance
with the invention guarantee a very rapid and reliable individual selection of each time one
transponder 2. This is because a selection process only has to allow for the transponders 2
present within the receiving range of a transponder communication device 1 and a rapid
elimination of transponders 2 in large numbers is achieved owing to the allocation of a
plurality of time windows ZF to the transponders 2 present in the receiving range, as a result
of which a transponder 2 can be selected with only a few selection steps and, consequently,
much time is saved. Another advantage to be mentioned is that for the sake of reliability the
provisionally eliminated but not yet selected transponders 2 are set to a standby state during

each selection step of a selection process, so that they cannot disturb the continued selection
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step and after selection of a transponder can be reset very simply from their standby states to
their active states for the purpose of subsequently selecting a further transponder. A further
advantage to be mentioned is that each transponder selected in a selection step of a selection
process is set to a passive state after its selection, so that it can be disregarded and cannot
have any adverse effect during the following selection steps of a selection process.

"In a variant of the transponder communication device 1 shown in Figure 1
the further deactivation stage may be dispensed with, in which case the time window
selection means select time window information ZFI from all the time window information
ZFI 1, ZF1 2, ZFI 3 and ZFI 4 which can be generated and supplied as detection information
by the detection means and applies said information to the time window interrogation stage
36, which is then adapted to generate and supply four items of time window information
ZFAFI 1, ZFAFI 2, ZFAFI 3 and ZFAFI 4, which can be transmitted to transponders which
are variants of the transponder 2 shown in Figure 2 and which are suitable for processing
these four items of time window interrogation information ZFAFI. In comparison with the
transponder 2 shown in Figure 2 each of these transponders then does not comprise a further
deactivation stage but includes a time window information detection stage 72 adapted to
detect and supply the four items of time window interrogation information ZFAFI, the
detected and supplied time window interrogation information ZFAFI, instead of the further
deactivation information WDALI, then being applied to a second detector 84, as is indicated
diagrammatically by the dash-dot lines 93 and 94 in Figure 2. In the present case, the second
detector 84 is constructed to compare the number N of the applied time window interrogation
information ZFAFI N with the random number Z from the random number memory 82 and
in the case of inequality it generates standby state information WZI and supplies this to
standby state memory 78, so that all the transponders 2 which have not transmitted any
answer information AWI in the N, time window ZF N corresponding to the time window
interrogation information ZFAFI N are set to their standby states.

In the modified transponder communication device described briefly in the
preceding paragraph the further deactivation stage is formed by the time window
interrogation stage. In the modified transponder described briefly in the preceding paragraph
the further deactivation detection stage is formed by the time window detection stage.

The invention is not limited to the variants described hereinbefore. The
transponder variants described herein are so-called passive transponders in which the
required energy is derived from the received data signals. Obviously, the invention can also

be used advantageously in so-called active transponders having an independent power supply,
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for example batteries or solar cells. As is the case with the variants described herein, the
communication in both communication directions between a transponder communication
device and each transponder can be effected inductively, the communication frequency in
both communication directions, which is essentially determined by the frequency of the clock
signal, being approximately 125 kHz. However, within the scope of the invention it is also
possible to effect the communication in one communication direction of a transponder
communication device to any transponder inductively with a communication frequency of
approximately 125 kHz but to efféct the communication in the other communication direction

with a UHF radio system having a communication frequency in the range of 433 MHz.
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Claims:

1. " A transponder communication device adapted to provide contactless
communication with a plurality of individually selectable transponders, ’

including

transponder selection means for the successive individual selection of transponders present
within a receiving range of the transponder communication device and which are each in an
active state,

and interrogation means, included in the transponder selection means, for generating at least
one item of interrogation information by means of which transponders present within the
receiving range and which are each in their active state can be interrogated to generate and
transmit answer information,

and transmission means for transmitting the at least one item of interrogation information to
transponders present within the receiving range,

and receiving means for receiving answer information generated and transmitted by
transponders present within the receiving range in response to the at least one item of
interrogation information,

and deactivation means, included in the transponder selection means, for generating at least
one item of deactivation information by means of which a transponder present within the
receiving range and which is in its active state, upon its selection, can be set to a state in
which the transponder does not generate and transmit answer information in response to the
at least one item of interrogation information,

characterized in that

the transponder selection means include time-window generating means for generating a
series of K successive time windows

and control means for the time-window generating means have been provided, by which
control means the time-window generating means can be controlled and activated to generate
the series of K time windows a plurality of times in succéssion,

and the receiving means are adapted to receive at least one item of answer information In at
least one time window during each series of K time windows,

and the transponder selection means include evaluation means which cooperate with the time-
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window generating means and the receiving means, by which a transponder can be selected
in dependence upon the occurrence of at least one received item of answer information in at

least one time window in each series of the series of K time windows generated a plurality of

" times in succession.

2. A transponder communication device as claimed in Claim 1, characterized
in that the control means for the time-window generating means include the interrogation
means, and the control means control and activate the time-window generating means SO as
to generate a series of K time windows when the interrogation means supply interrogation
information. .

3. A transponder communication device as claimed in Claim 1, characterized
in that the evaluation means cooperate with further means adapted to generate first control
information after selection of a transponder, and the deactivation means include a
deactivation stage arranged to receive the first control information can be applied and adapted
to generate deactivation information by means of which a selected transponder, after its
selection, can be set to a passive state.

4. A transponder communication device as claimed in Claim 3, characterized
in that the further means are further adapted to generate second control information after
selection of a transponder, and the interrogation means include a series interrogation stage
arranged to receive the second control information and adapted to generate series
interrogation information by means of which - with the exception of the transponders set to
their passive states after their selection - all the further transponders within the receiving
range can each be interrogated to again generate and transmit answer information during a
further series of K time windows.

5. A transponder communication device as claimed in Claim 1, characterized
in that the evaluation means include detection means adapted to generate and to supply one
item of time window information of K possible items of time window information in
dependence upon the occurrence, in at least one time window of a series of K time windows,
of at least one received item of answer information transmitted by a transponder, by means
of which time window information a given N,, time window can be selected and by which the
interrogation means can be controlled and activated, and the interrogation means include a
time window interrogation stage adapted to generate at least one item of time window
interrogation information when the detection means supply time window information, by
means of which time window interrogation information all the transponders which are in

their active states and which have already transmitted answer information in the given N,
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time window - selected from a series of K time windows with the aid of the time window
information - can be interrogated to again generate and transmit answer information during a
further series of K time windows, and the evaluation means include logic means adapted to
detect, in order to select a transponder, that answer information has been received in each
time only one time window in M successive series of K time windows of a series of K time
windows.

6. A transponder communication device as claimed in Claim 5, characterized
in that time window selection means are interposed between the detection means and the
interrogation means, and the time window selection means are arranged to receive time
window information supplied by the detection means, and the time window selection means
are adapted to select a given Ny, time window from the K time windows in conformity with
an item of time window information applied to said time window selection means.

7. A transponder communication device as claimed in Claim 6, characterized
in that the time window selection means are adapted to generate time window identifications
in dependence upon time window information applied to them, which time window
identifications can be applied to a further deactivation stage of the deactivation means, and
the further deactivation stage is adapted to generate further deactivation information in
dependence upon the applied time window identifications, by means of which further
deactivation information all the transponders which have transmitted answer information
during a series of K time windows outside the given Ny, time window selected with the aid of
time window information can be set from their active states to a standby state in which these
transponders do not generate and transmit any answer information in response to the time
window interrogation information, and the time window selection means are further adapted
to transfer to interrogation means the time window ipformation applied to them by the
detection means, in order to activate the generation of time window interrogation
information, after all the transponders which can be set to their standby states by means of
the further deactivation information have been set to their standby states.

8. A transponder communication device as claimed in Claims 4 and 7,
characterized in that - with the exception of the transponders which have been set to their
passive states after their selection - all the further transponders situated within the receiving
range and set to their standby states can be reset to their active states by means of the series
interrogation information and can each be interrogated to again generate and transmit answer
information during a further series of K time windows.

9. A transponder communication device as claimed in Claim 1, characterized
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in that the interrogation means include an initial interrogation stage adapted to generate initial
interrogation information by means of which all the transponders present within the receiving
range, some of which may have been set to their passive states, can be set to their active
states and which can each be interrogated to generate and transmit answer information during
a series of K time windows.

10. A transponder adapted to provide contactless communication with at least
one transponder communication device and adapted to be selected, when it is in an active
state, by a transponder communication device,

including

receiving means for receiving at least one item of interrogation information transmitted by a
transponder communication device, |

and interrogation detection means for detecting at least one item of received interrogation
information,

and answer means adapted to be controlled by the interrogation detection means to generate
answer information in response to received interrogation information detected by the
interrogation detection means,

and transmission means for transmitting the answer information generated by the answer
means,

and deactivation means by means of which the transponder can be set to a state in which the
transponder does not generate and transmit answer information in response to interrogation
information,

characterized in that

the answer means include time-window generating means for generating a series of K
successive time windows '

and control means for the time-window generating means have been provided, by which
control means the time-window generating means can be controlled and activated to generate
the series of K time windows a plurality of times in succession,

and the answer means are adapted to generate answer information in a time window of the
series of K time windows.

11. A transponder as claimed in Claim 10, characterized in that the answer
means include a random number generator adapted to generate a random number within a
range from 1 to K, which random number defines a time window, and the answer means are
adapted to generate answer information in the time window defined by the random number.

12. A transponder as claimed in Claim 10, characterized in that the control
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means for the time-window generating means include the interrogation detection means, and
when the interrogation detection means receive interrogation information the control means
control and activate the time-window generating means to generate a series of K time
windows.

13. A transponder as claimed in Claim 12, characterized in that the
interrogation detection means included in the control means for the time-window generating
means include an initial interrogation detection stage adapted to detect initial interrogation
information transmitted by a transponder communication device to set the transponder from
its passive state to its active state and by means of which stage the transponder can be set to
its active state. |

14. A transponder as claimed in Claim 12, characterized in that the
interrogation detection means included in the control means for the time-window generating
means include a time window interrogation detection stage adapted to detect time window
interrogation information transmitted by a transponder communication device, by means of
which stage the transponder which is in its active state can be interrogated to again generate
and transmit answer information during a further series of K time windows.

15. A transponder as claimed in Claim 12, characterized in that the
interrogation detection means included in the control means for the time-window generating
means include a series interrogation detection stage adapted to detect series interrogation
information transmitted by a transponder communication device, by means of which stage the
transponder which is in a standby state can be set from its standby state to its active state.
16. A transponder as claimed in Claim 10, characterized in that the
deactivation detection means are adapted to detect at least one item of deactivation
information transmitted by a transponder communication device and to generate at least one
item of state information, by means of which information the transponder can be made to
leave its active state and the generation of answer information can be inhibited in a time
window of the series of K time windows generated by the time-window generating means.
17. A transponder as claimed in Claim 16, characterized in that the
deactivation detection means include a deactivation detection stage adapted to detect
deactivation information transmitted by a transponder communication device to set the
transponder from its active state to a passive state and to generate passive state information
by means of which the transponder can be set from its active state to its passive state, and

there has been provided a passive state memory in which the passive state information can be

stored.
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18. A transponder as claimed in Claim 16, characterized in that the
deactivation detection means include a further deactivation detection stage which is adapted
to detect further deactivation information transmitted by a transponder communication device
to set the transponder from its active state to its standby state and which cooperate with
means for generating standby state information, which last-mentioned means can be activated
by the further deactivation detection stage and with the aid of which the transponder can be
set from its active state to its standby state, and there has been provided a standby state
memory in which the standby state information can be stored.

19. A transponder as claimed in Claim 14, characterized in that the time
window interrogation detection stage cooperates with means for generating standby state
information, which means can be activated by the time window interrogation detection stage
and with the aid of which the transponder can be set from its active state to its standby state,
and there has been provided a standby state memory in which the standby state information

can be stored.
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